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Coastal groundwater cycle and submarine groundwater discharge is an important
part of global water cycle, it recently has been become one of the research focus
of land-ocean interactions in the coastal zone. Submarine groundwater discharge
is not only a water cycle process but also a geochemical cycle process, these
processes deliver massive dissolved material such as nutrients, carbon and metal
into the ocean, which plays a significant role in the budget of marine chemical
material. The aim of this thesis is to discuss the groundwater cycle characteristics
and groundwater discharge into ocean, funded by the province scientific plan of
Fujian and the national natural science foundation of China.
  This thesis presents the study on the related contents of groundwater cycle and
submarine groundwater discharge in the Wuyuan bay of Xiamen, Minjiang
estuary and Qianhu bay of Zhangzhou, such as water mass residence time,
groundwater discharge flux, recharge relationship of riverine water and
groundwater, mixing ratio between groundwater, riverine water and seawater,
groundwater cycle characteristics in different aquifers, cause of formation for
submarine spring, groundwater cycle model in the coastal zone, which are
discussed by the approach of field investigation, sampling, isotope tracer,
electrical resistivity detecting and hydrogeochemical method.
  (1) Wuyuan bay of Xiamen
  Wuyuan bay is a small bay located in Xiamen island, its coast belongs to sandy
coast, composed by unconsolidated Pleistocene’s marine-alluvial deposit and
Holocene’s marine deposit. This part focuses on the seawater residence time and
groundwater discharge flux in Wuyuan bay.
  Based on the difference of 224Ra and 226Ra half life, apparent water age in
Wuyuan bay was calculated to be from 0.6~2.4 d, with average residence time













close to 1.2 d calculated by tidal prism approach.
  The feature of 224Ra and 226Ra ratio value in groundwater and seawater
indicates that 70.2% of groundwater into Wuyuan bay is attributed to the pore
water from alluvium, another 20.8% is attributed to the pore water from marine
deposit. Through establishing 224Ra and 226Ra mass balance model(box
model), 224Ra and 226Ra fluxes driven by groundwater were calculated to be
5.17×106 Bq/d and 5.28×106 Bq/d, respectively. Transformed from these 224Ra
and 226Ra fluxes, submarine groundwater discharge fluxes are 4.16×105 m3/d
and 4.73×105 m3/d, respectively.
 (2) Minjiang estuary
  The interaction between riverine water, groundwater and seawater in the
Minjiang estuary, where rocky coast and sandy coast coexist, is very clear. Based
on field investigation and sampling in dry season and wet season, respectively,
relationship between riverine water and groundwater, mixing rate of riverine water
and groundwater, mixing ratio between riverine water, groundwater and seawater,
and groundwater discharge flux into ocean are key discussion contents of this
part.
 224Ra and 226Ra desorbing amount from suspending riverine particles
increases with increasing salinity, 224Ra and 226Ra basically reach the complete
desorption at the salinity of 17.0~18.0. After 224Ra and 226Ra desorbed
completely from suspending riverine particles, 224Ra and 226Ra activities in the
mixing water exponentially decay with increasing offshore distance, based on this
rule, mixing rates between riverine water and seawater in rising tide period were
calculated to be 140.2~142.5 m/h.
 δ2H and δ18O scatter diagram from water samples better revealed the origin and
evolution of groundwater and riverine water, and recharge relationship between
groundwater and riverine water. In dry season, groundwater at the south bank of













rainfall, while groundwater at the north bank of Minjiang river seldom suffer from
the influence of evaporation. In wet season, the groundwater at both banks of
Minjiang river receive the recharge of rainfall, with slight evaporation. No matter
whether dry season or wet season, Minjiang river’s water receive the recharge
from both banks of Minjiang river; in dry season, the groundwater at both banks of
Minjiang river recharge riverine water after experiencing somewhat evaporation,
but in wet season, the groundwater at both banks of Minjiang river rapidly
recharge riverine water as soon as it receives the recharge of rainfall.
 In wet season, through establishing three end-member mixing model, the mixing
ratio between riverine water, groundwater and seawater was calculated to be
34.2%, 10.3% and 55.5%, respectively. Then, based on the monthly average
runoff of Minjiang river, groundwater discharge fluxes into ocean were calculated
to be 58.1×106 m3/d for the wet season and 7.5×106 m3/d for the dry season,
respectively. The former is 7.7 times larger than the latter. According to the
groundwater fluxes, the dissolved inorganic nitrogen, reactive phosphate and
soluble silicate to the ocean in wet season were estimated to be 12.4×106 mol/d,
0.5×106 mol/d and 10.8×106 mol/d, respectively.
 (3) Qianhu bay of Zhangzhou
 Qianhu bay is a typical sandy coast, with better developmental sand dune,
straighter shoreline, and flat and wide beach, this kind of coast is very suitable to
discussing the groundwater cycle. Moreover, submarine spring emerges at the
beach of Qianhu bay, which is a rather rare natural phenomenon in China’s coast
zone, its origin is a mystery by far. In this part, the characteristics and pattern of
groundwater cycle, origin of submarine spring were discussed through
investigation and sampling.
 Inshore aquifer system constituted by marine deposit and eolian deposit, with
better permeability and water-abundance, and rapid water cycle velocity, mainly













ocean. Hydrochemical component (Cl/Br, Ca/Mg, Ca/SO4) indicate that the pore
water of this aquifer system still partly shows the feature of seawater formed
during transgression. The pore water in surface eolian deposit partly presents the
feature of seawater influenced by modern seawater. Partial seawater intrusion
derived from overpumping occurred at different levels. The pore water from
alluvium of coastal plain has obvious leaching and concentration with slow runoff.
Fracture-pore water in elurium has different water cycle velocity controlled by
local landform, its chemical component varies largely. For the fracture-pore water
of Neogene’s basalt-sand rock formation, the percentage of milliequivalent of
cation Na+Mg2+ and Ca2+ exceed 25% with dominated anion HCO3- show that
its water cycle velocity is higher than above pore water of alluvium and fracture-
pore water of elurium, which directly related to the elevated landform,
developmental vertical fissure in basalt and unconsolidated sand rock.
  Electrical resistivity approach revealed that the submarine spring diameter of 5.5
~6.0 m emerge at the beach, and vertical extending depth is about 2.5~3.0 m at
the mouth of spring; the recharge pathway of submarine spring is not
perpendicular to the shoreline, but it tends to northwest direction, this direction is
consistent with the developmental direction of fault zone formed in Yanshan
epoch’s intrusive rock.
 Some evidence such as the similarity of chemical constituent between submarine
spring and fracture-pore water from the Neogene’s basalt-sand rock formation,
unusually high 222Rn activity of spring water indicate that the recharge area of
submarine spring probably comes from the Neogene’s basalt-sand rock formation
located in Lianhua mountain, and the fracture-pore water of this water-bearing
formation recharge the spring through the fault zone of underlying Yanshan
epoch’s intrusive rock.
 The salinity distribution of pore water in the intertidal zone is not very uniform













characteristics of salinity distribution of pore water perpendicular to shoreline
indicate that the smaller tidal pump cycle, bigger salt water wedge cycle and fresh
terrestrial groundwater discharge together constitute the fundamental water cycle
pattern of Qianhu bay, and submarine spring makes this water cycle pattern
complicated.
  The component of main ions and nutrients of surface pore water(<70 cm) in the
intertidal zone show that pore water cycles rapidly, and its geochemical process is
simple, chemical reaction is weak, major process is the mechanical mix of fresh
groundwater and seawater.
 In conclusion, the coastal type of Fujian is more various, different type of coast
has different groundwater cycle and submarine groundwater discharge. The
different research methods such as tracer of stable hydrogen and oxygen
isotopes, tracer of radioactive Ra and Rn, electrical resistivity, hydrogeochemical
method, have their own advantages and disadvantages. For the different coastal
type and specific geology, tectonic and hydrogeologic condition, single method or
multi-method should be suitable to apply in the study on groundwater cycle and
submarine groundwater discharge in the coastal zone.
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